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Introduction

* The Higgs Boson is the only particle in the

Standard Model not yet experimentally observed

* Provides the mechanism for electroweak symmetry breaking

- W and Z boson masses

» Generates masses of fermions

(5)
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* Currently the main focus of the LHC physics 57 Wi —o02758=000035 §
program and one of the main reasons for its o] Lt low Qo ]
construction N
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« Mass not predicted by the Standard Model 5] i
...but constrained by electroweak precision 11 -
measurements and direct searches at LEP and . |Excluded N £ protminary
Tevatron 30 180 300
m,, [GeV]
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Large Hadron Collider

CMS Total Integrated Luminosity 2011 (Mar 14 0%:00 - Oct 30 16:10 UTC)
T

— Delivered 5.72 ™" |4 3 /4 2{'11 dﬂtﬂs:et >

]
- — Recorded 5.20 fh™!
- | 5|

* Proton — Proton Collider @
center of mass energy of 7 TeV .

max L~ 3.54x103¢cm2s-!
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» Extraordinary performance in 2011
« Approaching half max design

Instantaneous luminosity in just 2 : |

years of operation e T e
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Higgs Production @ LHC

Higgs production modes at the LHC:
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 Decay mode to W+W- has largest s
branching ratio over the majority of 20
the Higgs mass range
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Higgs -» W'W

Clean experimental signature :
2 Leptons <= 2neutrinos|  MET

Mmissing transverse energy

(e or W)

But...NO mass peak!

W

Must count events to infer a signal

Must know how much is not signal

Analysis is all about
control of backgrounds!
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Triggers

Total rejection

 Triggers are crucial at a hadron collider : factor ~ 5 x 10

« Main “workhorse” triggers : Dilepton triggers (ee , 4, e|)

* A challenge to retain leptons with pT down to 10 GeV !
» Achieved per lepton efficiency of

* ~99% for electrons

e ~95% for muons

Signal triggers are not the only important triggers!
 Suite of Utility triggers for:

» Fake lepton enhanced triggers for control of backgrounds
« Z-ll events, one unbiased leg for measuring efficiencies
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Higgs -» W'W

proton - (anti)proton cross sections

Analysis is all about

control of backgrounds!

* Main background
production cross
sections up to

jon

W + Jets

tot

Tevatron

Drell-Yan

5 orders of magnitude

larger than signal

Higgs
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Analysis Strategy

Analysis done in 2 conceptual steps:

(1) WW Pre-selection

e Establish the WW signature
e Establish control on estimates of main backgrounds

(2) Higgs Selection

 Discriminate Higgs against WW background
» Cut-Based selection
* MVA discriminator
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- I'In
Analysis Strategy

Analysis done in 2 conceptual steps:

(1) WW Pre-selection

- « Establish the WW signature

e Establish control on estimates of main backgrounds

(2) Higgs Selection

 Discriminate Higgs against WW background
» Cut-Based selection
* MVA discriminator
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Establishing Control of Backgrounds

WW

WW- @fe]plife]
Preselection Region

Wy*

Control .

Region Data Driven
Background

Estimation
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W+Jets : Fake Lepton

W+Jets cross section One Real Lepton (from W boson)
more than 4 orders of
magnitude larger than

signal

MET
(Neutrino)

-
-
4a" :
[\
i

A quark or gluon that |-
“fakes” a lepton
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Primary Tool to Suppress W+Jets:
Lepton Identification and Isolation

Isolation :

* No energy / momentum flow nearby
» Suppresses bulk of fragmentation

Muons :
* Requirements on:
e Track and muon segment
quality
* Matching quality
e Impact parameter

Electrons :
e Track to cluster matching
e Shower shape
e Impact parameter
e y—e'e conversion rejection

: : . Work is on-going
» Use of multi-variate tools are crucial : a lot of progress
 Improvement in bkg rejection of factor of 2-3 since last public

results
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Estimating W+Jets Background

 “Fake” leptons are very difficult to simulate with Monte Carlo
* In the tails of distributions...
* Dependencies on many not-so-well-known aspects such as
fragmentation, detector material model, ...

Loose ID, Isolation, & impact
Define a baseline loose lepton selection:  [parameter requirements

Extrapolate in lepton selection efficiency (“fake rate”)

1 tight lepton
1 loose lepton

- 2 tight leptons

BTSN -\ AL RA Candidate Talk 0L31i2012 14 B
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Estimating W+Jets Background.:
Measure the “Fake Rate”

Npass tight (pT’n)

Fake Rate: € . (PN =
(pN)

loose

» Fake rate must be measured for background leptons (“fakes”)

e Use single lepton + jet events enriched in QCD multijet events

« Must suppress “real” leptons from W+jets
« MET < 20 GeV, m_< 20 GeV/c? lepton p_< 35 GeV

- Parameterize in lepton p_and |n| to account for kinematic dependencies
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Estimating W+Jets Background.:
Extrapolation

_ _ _ “fail” = loose
» Select data events with 1 tight lepton + 1 “fail” lepton |lepton but fails

tight selection

€Efake (pTi s 77@)

* Weight each event by :  w; = T ce—

£ Data Driven Prediction
g Tight + “Fail” Critical Assumption: =~ - + Simulation
5 L i Data
- " g Prediction
] Background lepton efficiency = \ i
3 in W+Jets events is the same \ ]
g o emmeened @S In QCD multijet events - .
p, [GeVrc] + X
e Systematic uncertainties cover any failure of T S N

this assumption p, [GeVic]

For low mass Higgs: ~15% of total bkg
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W+Jets : Systematics

« Systematic Uncertainties : fake rate sample dependence
« QCD - WH+Jets extrapolation
* Fake lepton (parton / jet) spectrum uncertainty

One of the leading uncertainties in the analysis with increasing luminosity

* More Cross Checks
« Control region: Higgs signal phase space but two same charge leptons
« Enhanced in fake lepton background
* Further check of predicted background vs observed data
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Establishing Control of Backgrounds

WW

WW- @fe]plife]
Preselection Region

Wy*

Control .

Region Data Driven
Background

Estimation
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Drell-Yan - ee | uM : Fake MET

Drell-Yan cross section
more than 3 orders of o o
magnitude larger than g 10 ;"“"‘z:. Ny <5 =
signal gro: -I::.[. RRCaR
« Calorimeter energy 10°F g'é?lg'}gL _
measurement uncertainty : "
creates a tall of instrumental 10%= ’ E
“fake” MET ** "% :
 Pileup has a huge detrimental 1 m Hﬁ ?
effect on MET resolution I
0 20 100
Mlssmg =

» Categorize events into ed and ee/pyp
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Particle Flow

CMS tracker angular resolution & ECAL segmentation allows
track-cluster matching 3 Pseudo-Full Event (Particle)
Reconstruction

Significant improvement to
(missing) energy resolution by
combining tracking and
calorimeter information

; 25 B T 1 LI | T T 11 | T 1 T 1 [ T UL L] | T 1T 1 T I T T 1 T L] T ] T 1 T 1
& - —+— type2 caloE. (Data)
~ [ — type2 calok; (MC) ]
212 w 20— ' tcK; (Data) —
B Charged Hadrons 5 [ CMS Preliminary 2010 Anti-k; R=0.5 5 - i
D -VS=7TeV,DATA(6.2nb") P> 25 Gevic 2 i tcky (MC) =i ]
B Photons s 1 5= 18y, (6.2 ntr) T © - prT (Data) :
Neutral Hadrons :"6 ; % 15 | — pf ET (MC) —]
Electrons E 0.8 9: -
HF Hadrons o i -
L n _
HF EM particles '-'E O.GT 10 e
é i -
0.4 =
; MET | >
02" Resolutléﬂ ’ CMS Vs =7 TeV i
i " Improvement T | | | | ]
4 1 L L L L L
PEJetn 700 150200 250 300 350 _ 400

Calibrated pfzE; (GeV)
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Track MET

« Charged particles can be associated with the event primary vertex

» Can build MET from charged particles only — “Track MET”

* Some performance gained using | Min ( PF MET , Track MET )

» Exploits differences in correlations for signal and background

T
= 4

1001 Drell-Yan ?\
80 T 5 .

RN -l
=l i__!j ad |

- FARTIN N N N N AN S N i | .I |
0 20 40 60 80 100 100
projected pflE; [GeV] projected pfE, [GeV]
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Track MET Performance

MET Cut | 30.16[ =
- = C - _
EffICIency for -q_) 0 14 [ projected pfMEt (data) |
DY Background |2 -
""LE 0 1 2 - [ ] projected pfMEt (mc) ]
0 1 B projected min-Met (data) N t N
' including
L projected min-Met (mc)

0.08F Trafk rVI

Need at least this 0.06 Fl
level of suppression i , + -
004__ %TiTg"_l_:_._:_._' ..
! AR Including
0.02- . —e— ., Track MET
-1 %ia : - =P ) i . T — *_T i
e /e S T . e o —

2 4 6 8 10 12
Number of Primary Vertices
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Estimating Drell-Yan Background

Make use of well known DY mass spectrum to extrapolate

CMS preliminary
—

10° 36pb’ at\Vs=7TeV 3

Systematic Uncertainties

(1) Control region counts
(2) Extrapolation (in MET)

 Typically very large
~ O(50% - 100%)

*The limiting factor
In ee & yy channels

For low mass Higgs: ~20% of total bkg in ee/pp
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Establishing Control of Backgrounds

WW

WW _ Control
Preselection Region

Wy*

Control .

Region Data Driven
Background

Estimation
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Top Background

tf N WWbb Soft Muon

Cross section more than
' AR
A
/I

larger than signal
|
!

\F

\¥A

2 orders of magnitude
A
a O

The only extra feature In
the events are 2 b-jets
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Top Background

The only extra feature In
the events are 2 b-jets

Soft Muon

(1) Number of Jets

* Reconstruct and identify jets
with pT > 30 GeV

e Categorize into events with:
e 0 Jet
e 1 Jet
e 2 Jet

» Top background too large
* Focus on VBF Higgs applying cuts
on ij and Anjj
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Top Background

The only extra feature In
the events are 2 b-jets

Impact
Parameter

(2) Top-Tagging

(a) B-Tagging
« Use impact parameter signficance
of tracks inside jets

Soft Muon

(b) Soft-Muon Tagging
 Look for additional muons
(not necessarily isolated)
 Tight quality cuts to suppress fakes

BTSN -\ AL RA Candidate Talk L3101z 27 B
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Estimating Top Background

“Top Bkg” consists of tt and twW Measured in orthogonal top

enhanced data samples
» Data Driven Estimation: /

Extrapolate in top-tagging efficiency

Top-Tagged

> Top-Vetoed

Systematic Uncertainties
« Control region counts
« W+Jet background estimate in top control region
« Extrapolation (top-tagging efficiency)

For low mass Higgs: ~5%, 30%, 45% of total bkg in 0-Jet, 1-Jet, 2-Jet
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Some Important Backgrounds
May Not Even Be Obvious

H

‘W+y* - vl ‘
Muon

Second lepton from y* remains unidentified Chambers
for any of these scenarios:

e very low pT
e outside acceptance
e falls in same energy cluster as first

electron [electron]

* Phase space with y* mass near
kinematic threshold has large cross

section O(5 pb) ~ 20x signal !

"

A subtle background... For low mass Higgs: ~5% total bkg
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Establishing Control of Backgrounds

\

WW

WW- @fe]plife]
Preselection Region

Wy*

Control .

Region Data Driven
Background

Estimation
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WW Background

Non-resonant WW production is the largest background

For low mass Higgs:

» Good precision of theoretical predictions ~70% total bkg

. But need to disentangle :
WW from nggs g |+ data | M Z+jets | CMS prt—l-,liminary :
P - —m,z=130 top L=46f" -
-~ i WwW B wzzz 7
I 1 - - % 150 __ W+jets __
Data driven estimate of normalization: £ —
« Measure cross section in signal-free region v 00| ﬁ + ww |
(m > 100 GeV) i s Tl control
Note that ALL other backgrounds 50_ = :
must be well controlled first - B ¥+
- Extrapolate to signal region with Monte Carlo 0: ] .
. Only works for low mass Higgs (m < ~200 GeV) | ° 0 100 10200
e = m, [GeV]
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Analysis Strategy

(1) WW Pre-selection

e Establish the WW signature
» Establish control on estimates of main backgrounds

(2) Higgs Selection

 Discriminate Higgs against WW background
» Cut-Based selection
« MV discriminator
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Control of WW Region

Background predlctlon and data agree well

> 1> [ T T
8 -+ data .Z+J'ets CMSp Im ry i 8 -+ data W=z CMS preliminary
:E; 150} x::/ets W wzizz 7% 200-_ x:;/ls B wzizz ]
100|- ii#t 8 ﬁf
- 4= - *i o[ 1 Ti; -
50 = B 7 i B *
: ¥ FS, S,
I Ftod L e
ol o P 0l— I R S il 25
g 2 N - | |
§ 1517 RAVPIE 230 ST Y +++ lh} § 1-51) L LIS ISUUEE S “L + %
0.52— * 05 — ‘ s ﬂ'T Tﬁ ﬂ}
00_ 50 100 150 201 05' %50 100 ‘150
m, [GeV] pre [GeV]
Observed Background
Data Estimate
0-Jet 1359 1364.8 = 9.3
1-Jet 909 951.4 + 9.8
2-Jet 714.8 = 13.5
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Analysis Strategy

/ (1) WW Pre-selection

« Establish the WW signature
e Establish control on estimates of main backgrounds

- (2) Higgs Selection

 Discriminate Higgs against WW background
» Cut-Based selection
 MVA discriminator
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Higgs vs WW Discrimination

* Event objects are identical
» Must rely on kinematical differences

Higgs is a spin O scalar Transverse Mass
:2 100_; d;tal | I.‘Z*IrjeltS‘ (I3MIS }Iore‘linlﬂn‘ary; - § 300:—:ﬁ13::130 .iﬂets s prilﬂi-gfbry |
@ L — mg=130 top L=4.6f" | ‘:‘; i mets B wzizz
« Decays to logitudinally E mwes g
polarized W's yield angular j m + | o 200
correlations of the 2 leptons 501 | ;
* Higgs mass dependent - fﬁﬂﬁi&#ﬁﬁﬂﬂ - 100
e . i
_ +¥; ‘33_
% s 100 150 5 2 ]
Aq)u '] © 1 I ’ 1
- oF
Not an easy jOb' B S T T R TR TN

mi [GeV]
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Signal Event Selection

Two strategies to extract Higgs signal

. - . . My P%max rf_/J%min oy &(‘f)g;:- ”I?E?'ﬁs

(1) Cuts on dlscrlmlnatlng [GeV/cZ] | [GeV/el | [GeV/el | [GeV/cT] | [dg] | [GeV/c?]
i . > > < < []

kinematic observables to 120 20 | 10(15 | 40 | 115 | [80,120]

. 130 25 10(15) 45 90 | [80,125]

extract Slgnal 160 30 25 50 60 | [90,160]

200 40 25 90 100 | [120,200]

250 55 25 150 140 | [120,250]

300 70 25 200 175 | [120,300]

400 90 25 300 175 | [120,400]

[T w vy | £ 0] T mon sy |

. . © 60__ _x130 .::/Z/zz Lo _ ° E _:/anv:/ .:/(\’I‘;/zz T

(2) Boosted Decision Tree . eyl | aof wes €€ & H

trained against WW 4

| - Wl o '
» Binned Shape Analysis | - IR —ﬁ |
patloaiatl | ﬁ%'*i




Systematic Uncertainties

« Must parameterize and propagate lack of knowledge about
background and signal yields and distributions

e Systematic uncertainties are propagated for a
large number of sources :

lepton energy/momentum scale and resolution, lepton selection
efficiency, luminosity, MET resolution, jet energy scale, MC statistics,
missing higher order corrections, parton shower model, fake rate
extrapolation, fake lepton jet spectrum, DY extrapolation in MET, single
top — ttbar interference, DY - Tt estimation, ...

...... But are dominated by
background estimation systematics

B T FNAL RA Candidate Talk 01/31/2012
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Background Systematic Uncertainties

» Some feeling on the size of background systematics...

Process oB/B OB/Sm, =120 Gev)
W+Jets 36% 40%

Drell-Yan — ee/up 70% 150%

Top 25% 8%

WW 13% 70%

Decreases
statistically with
Increasing
luminosity

What's the bottom line?

e W+Jets will be dominant soon
 Drell-Yan dominates eelyu

e WW Is dominant now ... but will decrease with more data

B T FNAL RA Candidate Talk 01/31/2012
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Signal Systematic Uncertainties

 To set limits on production cross section, must estimate
uncertainties on the signal

* Main systematic effects:

(1) Production Cross Section

« Missing higher order corrections :~12%
« Parton Distribution Functions . ~8%
(2) Jet Bin Migration 0-Jet  1-Jet  2-Jet(VBF)
e Missing higher order corrections : ~10% , ~30% , ~20%
e Parton Shower Model . ~6% ,~10% , ~30%
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Now...Search for the Higgs

(1) Cut - and - Count (2) MVA Shape Analysis

m, =130 GeV ey 0-Jet Bin eu 1-Jet Bln
CMS Preliminary ' T T ] BOFT T l BRERE
8 7 - -e- data . Z+jets CMS preliminary | e data I Z+jets CMS prellminary ]
§ . CMS,\E= 7 TeV, Lim =4.61b ! [ — m,=130 top L=460f" | — my=130 top L =4.60 fbo!
. Sy | [ T Ee | |
WH+jets | Wiets i W-ets
10° M di-boson 40 +
top i i
m Z+jets 40
> CIWW - +i - +
- - 20 B
| g mﬁ@@@ . i +
ﬂ |1 st
O I L 0 #:i !
-1 -0.5 0 0.5 1 - 05 0 0. 5 1
Cut Evolution m, =130 GeV BDT m,_ =130 GeV BDT
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Statistical Analysis

For a quantitative evaluation of a search result...

We must do statistical analysis

* Historically multiple methods have been used for various reasons
- CMS and ATLAS have a commonly agreed method: “CL -LHC”

 Allows for simple comparison of results

Essentially: Likelihood ratio
method in the Feldman-

...with a number of Cousins approach
desirable statistical
features
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Expected Sensitivity

How sensitive do we expect to be to
a Standard Model Higgs Boson?

107I T T T l T T T T | T T T T [ T ] T T T T 1

------- median expected Ho VSVH\??Bp[;?i:;QZg i
gl expected+ 16 L _ 46 ]
95% CL cross - Sxpectad+ 20 Y
section limit il
[units of SM Higgs cross section] 4
4 o . .
214 e . SM Higgs @ given
B — — et ] mass is excluded if
] ‘%-..-.' lllllll I R N SN NN S ST SR M SN N S N I7 the |Imit iS belOW 1.0
200 300 400 500 600

Higgs mass [GeV/c?]

* On average can exclude Standard Model Higgs Production
with masses in the range [127 GeV, 270 GeV]
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Higgs Cross Section Limits : 4.6 fb™

 MVA shape analysis generally ~15-20% better sensitivity
* At very high masses the increase is larger
* No statistically significant deviation from expectations

Cut-and-Count

-
o

=

Ew e median expected CMS preliminary

O _1 H — WW (cut based)

c expected + 1o L=46f"

_..2 B expected + 26

E i —+— observed

- 5H

&)

: | \

) L

(o)}
0 "_ | \I/&I"I{I” | | | | | | | | | | | | | ‘ | | | | _‘
100 200 300 400 500 600

Higgs mass [GeV]
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MVA Shape Analysis
E 10 | T T T | T T T T | T T T T | T T T T | T T T T |
__Qw K median expected CMS preliminary
O N H — WW (BDT based)
c expected + 1o L=46f"
_.g B expected + 2o
E B —e— observed
- | 5—+%
O
wn L
0 "7 | W | | | | | | | | | | | | | | | | 4}
100 200 300 400 500 600

Higgs mass [Ge

V]

a3 %



Higgs Cross Section Limits

< 10
)
L
6
C
O
£

~ 5
O
X
e
(@)

0

| I | I I I I I | I |
B -~ median expected CMS prellmmary 7
N H — WW (BDT based) |
+
. expected + 1o LLag
B expected + 26 |
- —s— observed |
_|_ | | | | | | | | | | | | | | | | | | _|_
00 150 200 250 30

Higgs mass [GeV]
* Exclude Standard Model Higgs Production with

masses Iin the range [129 GeV, 270 GeV]
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CMS Combined Higgs Limits

Expected Limits

. CMS Preliminary,\'s =7 TeV
- Combined, L =4.6-4.7 fb’

—
o
™

—
o

I Expected limits

Combined
H— bb

(4.7 fb':)
H— 1t ]

461t

4 )
HoZZ 54l (4.7 o)
H—2Z -2 2t (461b")
H— ZZ - 212q (4.61b")
HoZZ 5 212v (467 |

.......

95% CL limit on c/cg,,

s
wt®
s
aast

A -
........

-------------

......

100I 1 1 ISOO\ L

L I400I 1

1 1 l 1 1 1 L
500 600

Higgs boson mass (GeV/c?)

95% CL limit on c/cg,,

Observed Limits

 CMS Preliminary,\s =7 TeV

102 £ YUMo Freliminary, Ns =7 lev. ... Combined ]
- Combined, L =4.6-47f" H=bb @710)
it I e H— 1t (46 |
~= Hoyy 47 |1
----- H— WW (46" ||
—— H>2ZZ 4717 |]
10 _
£ |
W
-.‘:L"".‘_ 0
a\ i\
i \ :: \ u‘ "."
.1 S 4 ] -'.rf“ """" “- s ::q..._/ ...........................
e Yo a I - . ————
... W% \I ............. A T ) F ol AN /I
I ;IZIZIZZIZV'?.' N LA ' 'ﬁ(ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ........... A ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

Combining all CMS Higgs channels yields expected exclusion mass
range of [117 GeV, 543 GeV] and observed range of [127 GeV, 600 GeV]

Note that the WW channel is the most sensitive channel from 117 GeV to 200 GeV
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Summary

* Presented search for the Higgs boson decaying to
WW at CMS using 4.6 fb™

* In the absence of signal, expected to exclude Higgs @ 95%
confidence level in the range [127,270] GeV

» No statistically significant excess was found

« Standard Model Higgs excluded @ 95% confidence level in
the mass range [129,270] GeV
e Combined with other CMS channels exclude [127,600] GeV
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Sheak Preview @ 2012

LHC expected to deliver another ~15 fb™ @ 8 TeV

Pileup to increase Big Challenges
by factor of 2! Ahead

Together with ATLAS, likely to
say something much more
definitive this year

An exciting year ahead!
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Backup
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Triggers

 LHC has a bunch crossing rate of ~15 MHz

« CMS Levell Trigger Rate : 100kHz
e Rejection factor of 150

e 1 us decision time Total rejection
factor ~ 5 x 10”
* High Level Trigger Rate : 300 Hz
* Another rejection factor of 300 lll
Signal triggers not the only important triggers Trigg_ers are
» Suite of triggers needed to understand and crucial at a

control backgrounds hadron collider
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Pileup @ LHC

» Average of 10 interactions per bunch crossing

O(F07em)
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CMS Computing

« Multi-Tiered Distributed Computing
Infrastructure
 Tier-0 @ CERN : Prompt Reconstruction

o Tier-1 (7 sites) . Re-processing
» Tier-2 (~50 sites) : MC Production &
Analysis

» Transfer Operations responsible for
monitoring transfers to/from all sites and global
management of CMS data

Tier0 Center @ CERN

Prompt Data Reconstruction

* [ 4 Y 1 & A 'Y
7 Tier1 KIT | pic | CCIN' CNAF ASGC  RAL | FNAL
Centers 2pP3

Data distributed to T1 centers for storage and further processing

Prompt
Skimming

22AR
Distribute to Tier2
Centers for analysis
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Drell-Yan - TT : “Projected MET”

* Project MET perpendicular to the closest lepton
e suppresses Z—TT
« Suppress fake MET from lepton mis-measurement

' Projected MET
x
Y. il ‘\ _____________________________ e

MET ~ "
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Z - 1t Background

 Embedded Tau Method
* Take Z mumu data events
 Remove signature of muons and replace it at
the reconstruction level by the signature of a
leptonic tau decay
* Obtain data-driven description of the recoil and
thus the MET resolution
* Monte Carlo tests indicate small systematic
uncertainty : ~10-20%
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Track MET Performance

MET Cut
Efficiency for
DY Background

Need at least this
level of suppression

50161 -
(- |
-q_) 0 1 4 B projected pfMEt (data) ]
Ghe -
E 0 1 2:_ [ ] projected pfMEt (mc) B a_
0 1 : projected min-Met (data) N t B
T including
L rojected min-Met (mc
0.08f i Trafk er
0.06[ L
0)

2 4 6

8 10 12

Number of Primary Vertices
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Top Background

“Top Bkg” consists of tt and tW
» Data Driven Estimation:
Extrapolate in top-tagging efficiency

From :top-tagged Measured in top enhanced data samples
To . top-tag vetoed  0-Jet : top-tagging for “soft” jets
« 1-Jet : top-tagging for hard jets
 VBF : top-tagging for most central jet

VBF Cuts
Delta eta < 3.5
Mjj < ?7?
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W + y* Background Estimation

» Technical Aspects :

* Monte Carlo must cover phase space all the way down Use
to the kinematic threshold (0.001 GeV=2xm___ ) Madgraph
 Electron and Muon masses cannot be neglected! Generator

Data driven estimate of normalization:
* Measure the cross section in Wy* enhanced region:
e | yu: pT > 10 GeV, special isolation for gy pair
- M <20 GeV

* high MET
 top vetoed
* Then...extrapolate to signal region with Monte Carlo

For low mass Higgs: ~5% total bkg
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WW Background

Systematic Uncertainties
« Control region counts %
« Background estimates (W+Jets & Top)
e Theory uncertainty of selection efficiency
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entries / 8 GeV

100

50__ L

0 L I

| % data
- — m,=130

150 -

WWwW
W+jets

+
[ 4

- :

| T T T T I T T T T
M Z+jets  CMS preliminary _
top L=46f" -

B wzizz

Htﬁ*iﬁ;}ﬂr _:
-¢—-+c

I\/III [GeV/c |
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Control of WW Region

Background prediction and data agree well

[ data all bkg. qq = WW™ [ gg > WTW™ | tt+tW | WHjets |
O-jet | 1359 | 1364.8 £9.3 980.6 £5.2 58.8 £0.7 1473 £25 | 993 £5.0
. . 1jet | 909 9514 £9.8 416.8 £ 3.6 23.8+£05 334.8 £3.0 | 743 £ 4.6
YI e | dS . 2-jet | 703 | 7148 =135 1547 £2.2 51£02 4135+£27 | 379 £3.6

WZ/ZZ [ Z/y' =T | Wy [ Z/y —=tit |

O-jet | 33.0 £05 16.6 + 4.0 26.8 £ 3.5 24 +05

1-jet | 28.7 £0.5 394+ 64 13.0 £ 26 20.6 £04
2-jet | 151 £0.3 56.1 £11.7 10.8 £ 3.6 216 £21
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Individual Subchannels :

Shape Analysis

H— WW — 2I2v + OF 0-jets H— WW — 2I2v + SF O-jets

5 10F CMSPrefiminary 7 310 CMS Prefiminar
D‘" - om - y
S o0 - 95% CL exclusion: median S o= ¢ 0 - 95% CL exclusion: median
. S F 95% CL exclusion: 68% band S E 95% CL exclusion: 68% band
- E 95% CL exclusion: 95% band — o 95% CL exclusion: 95% band
OppOSIte ‘E 85 —=— observed E 8; —a— observed Same
I 7E 3 7
Flavor 3 F : Flavor
X 6 X 6=
0-Jet - 8 F 0-Jet
5 5—
42— 4f—
af- 3
2 2
1 1
- B 5 F g
T PRI L .S R RTINS ENR S R Eeovo b b R b b b e b |
900 120 140 160 180 200 220 240 260 280 300 900 120 140 160 180 200 220 240 260 280 3020
Higgs mass, m, [GeV/c?] Higgs mass, m, [GeV/cT]
H— WW — 2I2v + OF 1-jet H— WW — 2I2v + SF 1-jet
~ 10 ~
_ 3 CMS Preliminary 3 1% CMS Preliminary
OppOSIte $ o+ e 95% CL exclusion: median S o ¢« s 95% CL exclusion: median Same
5 E 95% CL exclusion: 68% band g E 95% CL exclusion: 68% band
- = 95% CL exclusion: 95% band — o 95% CL exclusion: 95% band
Flavor ‘E 8; —a— observed E 8; —=— observed Flavor
4 7= J 7
1-Jet 3 3 1-Jet
X 6 X 6
n - [Te] Z
o E o E
5 5
af- =
af- 3
2F 2f
1E ~ 1E
S R I wrarra I B N B B Bl b b b b b b b b |
900 120 140 160 180 200 220 240 260 280 300 900 120 140 160 180 200 220 240 260 280 300

Higgs mass, m_ [GeV/c?] Higgs mass, m_ [GeV/c?]
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VBF Sub-channel

E | I I | | I I | I | I I ‘ I | I I | I I | —T
Dm B CMS Preliminary ----- Median Expected (CLs)
B 102 = H— WW, 2 jet (Cut Based) [ Expected « 1o N
10 £ L =46 fb" [ ] Expected + 20 3
= - —e— Observed (CLs) —
8 N «@+ Observed (Bayesian) ]
E + .
- 8%
L0 :
9] L ]
S S ]
1 E -
T | 1 I 1 | | | | | | 1 1 1 ‘ | | | 1 | 1 | _l
100 200 300 400 500 600
Higgs mass [GeV/c?
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Fermiophobic Higgs Production

A Higgs boson without Yukawa couplings to fermions may be
considered the most minimal scenario : “Fermiophobic”

CMS Preliminary

* WW branching ratio H — WW — 212y + 0/1/2-jets, fermiophobic
enhanced 5 10
. *-g ----- 95% CL exclusion: median
® NO G|u0n FUSIOH c 95% CL exclusion: 68% band
. S 95% CL exclusion: 95% band

PrOd uction E —=— observed

::

(&

§

Fermiophobic scenario
excluded with masses

In the range [150 GeV,
190 GeV]

- N W A O O N o

11 | 1 1 1 | L L L | 11 1 | 11 1 | 1 1 1 I 11 1 | 1 1 1 |
00 120 140 160 180 200 220 240 260 280 300
Higgs mass, m_ [GeV/c?]

—o
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Observed Signal Significance

- Probability to observe a

Quantified by the “p-value™ background-only fluctuation as

significant or more significant as
the current observation

. o 1F
H->WW in Blue |—_§ |
o 10_1.;;_‘ e
©
o b N 26
9 y
10—2 2.__.. R I e “__E
Results statistically compatible 10° ;CMSPre“mmary\S _________ 7 Tev ;'30
with the background only el R——
hypothesis AND the SR T B ek EL 1
’ i jok I erpretatlon reqUIres look- S - a2 a6ty |
SI] nal+bac kg round hypoth esSIS ; elselwherej effecthorrecitlon J —:— n: g: g: 20 {3 g m ; o
110 115 120 125 130 135 140 145 150 155 160

Higgs boson mass (GeV/c?)
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High Mass Higgs Width Systematic

Higgs Width Uncertainty @ High Mass
« 50% * (m /1000 GeV)®
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Cls-LHC Procedure : Limits

L(datal, 0,,) “Profile
L(datal, 0) Likelihood”

e Construct this test statistic: Gy = —2n

U, 6 = nuisance values maximizing L

6Ll - nuisance values maximizing L given signal strength p

Note: to build the test statistic requires to perform a maximum likelinood fit to the
observed data (and each toy) - “Profiling”

q : observed value of the test statistic
6u°bs and 90°b5 : best fit nuisance values for signal only & signal+bkg hypotheses

- Generate Toys to construct PDFs : (Gl &) 140, B>*)
o . p. = P(q, > q” |signal+background) = / f(q.lu, 9“'““ ) dq,
Evaluate p-values: ” w4 e | 0 f

l—p, = P(q, > qzbs | background-only) = / f(G,10, 03"%) dq,
ngs

* Define CLs : CLy(p) = ¢

* For 95% CL upper limit, find g for which Cls(u) = 0.05
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CLs-LHC Procedure :

Quantify an Excess

o L(datal0, 99)
L(datal|f, 6)

» Use test statistic with u=0 : G =

- Generate Toys to construct PDF :  f(2]0, 63**)

« Evaluate p-value: po = Pla >q5") = /obg f(90]0, 8>*) dao.
dp

1
2T

50 signficance - pvalue = 2.8 x 10/

exp(—2?/2) dx

« Convert to Significance : p=/m
A
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Likelihood Function

L(data| jt,0) = Poisson ( data |yt - s(0) 4+ b(0)) - p(60) .

f

Parameterization of the
Systematic Errors

('Uu‘:??; _I_ b;ﬁ) T,

o HSi— b;

Poisson (data|us +b) = H

1
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